Summary. Postnatally, XO Female mice heterozygous for a large X inversion (In(X)/X mice) were also found to have excess atresia at late pachytene. It was suggested that in XO mice it is the presence of an unpaired X chromosome, and in In(X)/X mice, the incompleteness of X chromosome pairing, which leads to this excess oocyte atresia.
Introduction
The association between gonadal dysgenesis in women and a 45,X chromosome constitution was first described by Ford, Jones, Polani, De Almeida & Briggs (1959) , but the aetiology of this con¬ dition is still poorly understood. Singh & Carr (1966) found that human fetal XO ovaries do have germ cells, although ovaries from aborted specimens of more than 10 weeks' development appeared to be abnormal with a deficiency of germinal tissue. Rehder, cited by Maraschio & Fraccaro (1983) , similarly noted follicular deficiency in the ovaries of mid-term XO fetuses aborted after amniocentesis. The ovaries of XO infants are severely affected (Carr, Haggar & Hart, 1968; Bove, 1970; Weiss, 1971) although to a variable degree. This variability is still manifest in adulthood, because although sterility is the rule, menstruation and pregnancy have been reported (Dewhurst, 1978; King, Magenis & Bennett, 1978) .
Although XO mice are invariably fertile, they do have reduced numbers of oocytes leading to a shortened reproductive life (Lyon & Hawker, 1973) . Quantitative studies (Burgoyne & Baker, 1981a, b) have revealed that the majority of XO ovaries are normal in late fetal life (144-18^d ays post coitum), but postnatally (12-200 days post partum) XO mice have approximately half as many oocytes as XX mice. The present study demonstrates that the oocyte deficiency seen postnatally arises from the excess atresia of XO oocytes at pachytene in the perinatal period.
Materials and Methods
Stud males carrying the X chromosome inversion In(X)lH (Evans & Phillips, 1975) were mated to outbred Schofield albino females (S. Schofield & Co., Delph, nr Oldham, Lanes, U.K.). The heterozygous In(X)/X female offspring were subsequently mated to Schofield albino males to provide litters in which about 25% of the females are XO (Phillips, Hawker & Moseley, 1973) .
Litters were processed from mice at 14^-24^days post coitum (p.c.) . The young were weighed, and sexed from the appearance of the gonads or external genitalia. Chromosome spreads were prepared from the yolk sac, liver or spleen of the females, and 5 counts of 39 chromosomes with none of 40 were accepted as identifying XO females. In some cases trypsin-Giemsa banding was used to identify those females with 40 chromosomes which carried In(X). The ovaries in the main experimental series were fixed in Bouin's aqueous fluid and processed for histology. Single ovaries from a selection of the XO and control mice were serially sectioned at 5 or 7 µ . The pairs of ovaries from a second series of mice were weighed on a Cahn electrobalance.
In comparing the XO and control ovaries from the main series, we sought to estimate ovarian volume, the amount of somatic tissue per ovary, and the number of germ cells classified by stage and appearance (whether healthy or atretic).
Chalkley counting method
This method (Chalkley, 1943) , combined with measurement of section area and germ cell diameters (Beaumont & Mandi, 1962; Baker, 1963) , was used for ovaries of fetuses at 14^-18^d ays p.c. The procedure involved four steps.
( 1) Estimation of ovarian volume. The total area of the sections comprising an ovary was estimated by planimetrie measurement of drawings made at a known magnification with the aid of a camera lucida. Since section thickness was known, ovarian volume was calculated by multiplying the total section area by the section thickness.
(2) Estimation of volume fractions. A total of 300 'randomly' disposed points were sampled for each ovary by using a Chalkley grid inserted into an eyepiece (Chalkley, 1943 (Table 3) and fetal weight, this 'runt' was comparable to the controls at 16j days p.c., but had only half as many oocytes. By 24^days p.c., due presumably to further losses equivalent to those seen in the majority of XO animals, the oocyte population in XO 'runts' had fallen to 21-5% that of the XX controls.
In Text- fig. 3 the population of oocytes remaining at 24| days p.c. is plotted with respect to oocyte size for each of the groups. This serves to emphasize not only the differences in oocyte num¬ bers, but also the developmental retardation of both groups of XO mice, when compared with XX controls, as evidenced by the smaller maximum size of those oocytes that had started to grow. The In(X)/X mice did not show this retardation, which is in agreement with the growth data for these mice (Burgoyne et al, 1983) . The realization that In(X)/X ovaries also showed oocyte depletion came after most of the quantitative data had been collected. To obtain a fuller picture of the time course of the changes in In(X)/X ovaries we collected ovarian weight data for litters aged 17^-21| days p.c. In Table 5 estimates of the difference in weight between pairs of In(X)/X and XX ovaries, and between pairs of XO and XX ovaries, have been calculated for each age. (These are 'mean weighted differences' calculated from genotype comparisons within litters; see Burgoyne et al, 1983 , for methodology.) The XO versus XX comparison confirmed the observations on ovarian volume, XO ovaries being significantly smaller than XX ovaries at 20j days p.c. The In(X)/X versus XX comparison revealed the same pattern, indicating that the oocyte deficiency seen in In(X)/X ovaries at 24| days p.c.
had already occurred by 20¿ days p.c. Text- fig. 3 . Oocyte size distributions for XO 'runt', XO, XX and In(X)/X ovaries at 24j days p.c. Note that oocyte growth is retarded in XO mice, especially in the XO 'runts'.
The germ cells were also classified for stage and whether healthy or degenerating (atretic). This information is presented in Tables 6 and 7 In a previous publication it was shown that XO mice are developmentally retarded during pregnancy as compared to their XX and In(X)/X sibs, the majority being about 4 h behind, while a few (XO 'runts') are much more severely retarded (Burgoyne et al, 1983) . This retardation explains the lag in the development of growing follicles at 12 days post partum reported by Burgoyne & Baker (1981b) , and is seen in the present study as a lag in both the meiotic progression before birth and in the growth of oocytes after birth. 'XO runts' are once again identified as being more severely retarded by these parameters.
We have previously shown that from 12 to 200 days post partum XO mice have about half as many oocytes as their 'XX' (In(X)/X and XX pooled) sisters (Burgoyne & Baker, 1981b Burgoyne (1981) has reasoned that oocyte loss in XO mice and women was due to X dosage deficiency in the oocytes, since both X chromosomes are active in XX germ cells throughout oogénesis (reviewed by West, 1982) . However, the finding that In(X)/X mice also have oocyte loss has led to a different explanation (see discussion by Burgoyne & Baker, 1984) . Briefly, we favour the proposal by Miklos (1974) that there is a mechanism which selectively destroys meiotic cells carrying chromosomes which were unpaired or incompletely paired during pachytene. Although Miklos (1974) (Tarn & Snow, 1981) . It may be that human XO fetuses, which are undoubtedly severely retarded and have low for dates weight, are more comparable to these 'XO runts' in having an early germ cell deficiency, with additional losses occurring during pachytene.
